Motivation: Intrinsic disorder (ID) is established as an important feature of protein sequences. Its use in proteome annotation is however hampered by the availability of many methods with similar performance at the single residue level, which have mostly not been optimized to predict long ID regions of size comparable to domains. Results: Here, we have focused on providing a single consensus-based prediction, MobiDB-lite, optimized for highly specific (i.e. few false positive) predictions of long disorder. The method uses eight different predictors to derive a consensus which is then filtered for spurious short predictions. Consensus prediction is shown to outperform the single methods when annotating long ID regions. MobiDB-lite can be useful in large-scale annotation scenarios and has indeed already been integrated in the MobiDB, DisProt and InterPro databases. Availability and Implementation: MobiDB-lite is available as part of the MobiDB database from
Introduction
The annotation of proteomes from sequence has been dominated by the concept of protein domains for a long time (Lee et al., 2005; Sonnhammer et al., 1997) . Over the last few years though, there has been an increasing recognition of the fact that parts of protein sequences cannot be easily made to fit into the domain concept. Almost half of the human proteome escapes the domain definition, and the largest part of missing annotation seems to derive from intrinsically disordered (ID) protein regions (Mistry et al., 2013) . ID in proteins has been studied for the last two decades and has become a fairly mainstream concept in protein science (Habchi et al., 2014) . A plethora of computational methods have been developed to predict ID, e.g. (Doszt anyi et al., 2010; He et al., 2009) , with varying levels of accuracy (Monastyrskyy et al., 2014; Walsh et al., 2015) . More recently, the MobiDB database (Di Domenico et al., 2012; Potenza et al., 2015) has been established as a centralized resource collecting annotations for all UniProt (UniProt Consortium, 2014) entries based on different definitions of ID, including manually curated information from DisProt (Piovesan et al., 2016) , automatically extracted from the Protein Data Bank (PDB) (Velankar et al., 2016) , and several different predictors.
Despite these advances, the wealth of ID information has not been properly integrated into large-scale proteome annotation platforms for two main reasons. Given the plethora of different ID prediction methods, it is difficult to decide which method to use for proteome annotation. Moreover, most ID methods are optimized on For these reasons we developed MobiDB-lite, which combines a set of state-of-the-art ID predictors in a consensus rigorously tested on the entire PDB X-ray dataset (Walsh et al., 2015) . MobiDB-lite also includes a filtering step to increase its robustness, which guarantees that predicted regions cover at least twenty consecutive residues. In this way, the MobiDB-lite output is designed to be highly specific, complementing the traditional domain-centric annotation of protein sequences.
Implementation
MobiDB-lite is implemented in two consecutive steps. First, ID predictions for a query protein are made with three variants of ESpritz (DisProt, NMR, X-ray) (Walsh et al., 2012) , two variants of IUpred (long, short) (Doszt anyi et al., 2005) , DisEMBL (465, hot loops) (Linding et al., 2003b) and GlobPlot (Linding et al., 2003a) . The raw ID predictions are combined into a consensus using a threshold of at least 5 out of 8 methods to define a residue as disordered ('consensus' in the results). To increase its robustness, the consensus is refined in the second step to remove spurious regions of disorder inside order and vice-versa. The processing starts with an iterative filtering step to eliminate short stretches of up to three residues of ID inside ordered regions as well as order inside ID. One, two and three residues-long ID stretches flanked on both sides by one, two and three residue-long ordered stretches are converted to order and viceversa. Structured stretches of up to 10 consecutive residues are then converted to ID if they are flanked by two disordered regions of at least 20 residues. Finally, a length cutoff is applied to ID regions and only those of at least 20 residues are kept.
Performance
MobiDB-lite has been benchmarked on the largest possible dataset based on X-ray missing residues (Walsh et al., 2015) . As we are interested in long ID regions, only regions with at least 20 consecutive residues were considered as disordered. Shorter regions were treated as ordered. The results shown in Table 1 confirm that MobiDB-lite outperforms the other methods at predicting long ID regions. It also demonstrates the positive effect of filtering by outperforming a pure consensus. Good results are also obtained without a length cutoff (i.e.
at least a single ID residue, see Supplementary Table S1 ), although MobiDB-lite was trained to predict short ID regions. MobiDB-lite predictions are highly specific, preferring to predict fewer ID regions but instead concentrating on the cases where the signal is strongest. This can be seen in Table 1 as the number of false positive versus true positive regions (FPreg versus TPreg). It is also confirmed by a more detailed analysis when looking at the average over-and underprediction in Supplementary Figure S1 . Across all UniProt sequences, the fraction of sequences containing a long ID region using MobiDBlite was recently estimated at about 9% and mostly concentrated in eukaryotic and viral sequences (Necci et al., 2016) .
Conclusions
We have described MobiDB-lite, a novel highly specific predictor of ID which can be used in large-scale applications. The software has been optimized to produce results for a 400 residue protein sequence in about a second on a single CPU core. A downloadable version and benchmarking sets can be accessed from URL: http://protein. bio.unipd.it/mobidblite/.
MobiDB-lite has been already integrated into the MobiDB (Potenza et al., 2015) and DisProt (Piovesan et al., 2016) databases. To help in the large-scale annotation of proteomes with reliable ID information, it has also very recently been included in InterPro (Finn et al., 2017) . We would like to encourage the scientific community to use MobiDB-lite whenever a fast and robust ID predictor is required. All values are shown as percentages, except the last three columns which show absolute numbers. The top performing method in each category is shown in bold and the second best underlined. An explanation of the various criteria is given in the Supplementary Material. Only regions of at least 20 consecutive disordered residues are considered.
